A rapid enzymatic approach is described for the sequence analysis of a 5' terminally labelled restriction fragment. It involves limited nicking of the strands of the molecule throughout the sequence by pancreatic DNAase I. The 3' hydroxyl groups exposed by each nick are then used to prime chain extension by DNA polymerase I in four separate reactions. Each reaction uses one of the four chain terminating dideoxynucleoside triphosphates (ddNTPSs), together with the four deoxynucleoside triphosphates (dNTPs). In a single reaction all the 3' ends are terminated in positions of the same base, which is different for each of the four reactions. When the products of these reactions are resolved by gel electrophoresis according to size, a sequence can be deduced from the pattern of radioactive bands. Sequences can be determined onwards from 10-20 residues from the 5' labelled end. The length of sequence which can be determined is only limited by the resolution of the gel.
INTRODUCTION
A number of rapid methods have been developed for DNA sequence analysis.
In this paper a new method is described which, like the chemical degradation procedure of Maxam and Gilbert [1 J, can be used to sequence 5' terminally labelled restriction fragments. This is an enzymatic approach, which relies on the ability of DNA polymerase I to use the chain terminating 2',3'-dideoxynucleoside triphosphates (ddNTPs) as substrates in a nick-translation reaction [2] of the labelled fragment.
Sanger et al. [3] have described a method of rapid DNA sequencing. It involves the synthesis of a radioactive complementary copy of a single stranded target sequence with DBA polymerase, using the directly adjacent annealed strand of a restriction fragment as a primer. In four separate reactions, which each contain a different ddNTP and, in addition, the four 32 deoxynucleoside triphosphates (dNTPs) (one or more of which are a-Plabelled), there is a partial incorporation of the terminator onto the radioactive elongation products. In a single reaction a size range of labelled oligonucleotid.es is produced, all with a common 5' end, but with the 3' e "d terminating in positions of the same base throughout the sequence. Parallel fractionation by denaturing polyacrylamide gel electrophoresis of the products of the four separate reactions, which each contain in turn one of the four ddNTPs, resolves the oligonucleotides of different sizes. These reveal in order the positions of each base, allowing a sequence to be determined.
The drawback of this method is that it requires a pure single stranded template. In the approach described here, use is made of the ddNTPs to sequence double stranded DNA in the form of restriction fragments, labelled at only one 5' end. All other materials used are as described in references 3, 4 and 6.
5' terminal labelling of restriction fragments 2-5 pinoles of restriction fragments are labelled with T4 polynucleotide 32 kinase and y-P-ATP as described in reference 4. In order to obtain DNA 32 molecules with only one P-labelled 5' terminus, the fragments are further digested with a restriction enzyme of different specificity, which cleaves at one or more sites within the fragment. The resulting mixture of labelled fragments is then fractionated by electrophoresis on polyacrylamide slab gels (400 x 180 x 1.5 cm) in 90 mM Tris-borate pH 8.3, 1 mM EDTA. The radioactive fragments are recovered from the gel with the elution procedure described by
Maxam and Gilbert [1 ] and precipitated with ethanol without carrier tRNA.
The precipitate is taken up in 10 |il water.
Sequencing procedure 
Discussion
The nick-translation sequencing procedure described here has been shown to be reliable, rapid and simple. The reaction makes use of the intact DI!A polymerase I enzyme which is necessary for carrying out nick-translation; the 5'-3' exonuclease activity of the enzyme hydrolyses the 5' end of the nick as the 3 1 end is simultaneously extended by the 5'-3' polymerase activity.
Experience has shown that there is no significant loss of labelled material The sequencing approach can be applied to DKA fragments of any length.
The sequence that can be deduced is only limited by the resolving power of the gel electrophoresis (which is at present 300-400 nucleotides long). The conditions described in the protocol are, on the whole, suitable for application to fragments of 100-500 nucleotides long. For longer fragments the DNAase I concentration may need to be increased in order to obtain most of the labelled DNA within a size range of oligonucleotides below 300-400 nucleotides long.
It is apparent from the results obtained using the nick-translation procedure that there are a number of peculiarities of the method, some of which are evident in Figures 1 and 3. (a) Every residue gives rise to a band apart from the first 10-20 residues from the 5' labelled end. In some cases a sequence can be deduced directly after the position of the strong band which runs across all four tracks and appears to have a size corresponding to an oligonucleotide of chain length of 8-10 residues.
No bands are seen corresponding to oligonucleotides of smaller chain length than this. Generally bands corresponding to the first few residues of the sequence are very weak in intensity.
In other cases not even weak "bands are seen directly after the position of this strong artefact band and sometimes sequences cannot be deduced until some 10 nucleotides from this position.
V/e do not completely understand the reasons for these phenomena. (c) Although not seen in Figures 1 and 3 , DNA polymerase I sometimes has difficulties in copying certain sequences of the template strand. This leads to pile-ups of bands lying across all tracks of the gel. There seems to be no consistent feature of the sequences at these points.
In spite of the disadvantages mentioned above and the obvious limitation of the method -that it can only be applied to 5' terminally labelled fragments (as opposed to 5' or 3' end labelled fragments, as is the case with the "Maxam-Gilbert" procedure) -we feel that this procedure may have use as a general method of rapid DNA sequencing and have some advantages over existing methods. It has the advantage over the "classical" chain terminator method that it can be applied directly to double stranded DNA. In comparison with the chemical cleavage method of Maxam and Gilbert, the manipulations involved are less laborious and more rapid, and the bands produced in thin gels are sharper, enabling longer sequences to be read.
